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(54) ELECTRIC-MECHANICAL-ACOUSTIC TRANSDUCER AND A METHOD OF MANUFACTURING 
THE SAME 



(57) The present invention relates to an electric- 
mechanical-acoustic converter used mainly in a mobile 
telephone and the like, and its objective is to provide a 
high-quality product in which damage and degradation 
of performance caused by shock due to a drop are pre- 
vented. 

In order to achieve this objective, the present inven- 
tion includes at least one suspension (14) supporting a 
movable portion (1 9) formed of the magnetic circuit por- 
tion (17) and a weight portion (1 3), and a frame (9) sup- 
porting a diaphragm (8) and the suspension (14), a 
space in an elastic deformation range of the suspension 
(14) being provided between the outer periphery of the 
movable portion (19) and the frame (9), Even in the 
case where a portable terminal apparatus is dropped, 
and the electric-mechanical-acoustic converter built 
therein is subjected to shock, the outer periphery of the 
movable portion (19) is received by the frame (9), 
whereby the suspension (14) can be prevented from 
being permanently deformed. 



FIG. 1 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to an electric- 
mechanical-acoustic converter for vibrating or generat- 
ing a sound with an electric signal, and a method for 
producing the same. 

BACKGROUND ART 

[0002] Conventionally, in a portable terminal appara- 
tus such as a mobile telephone, as means for notifying 
an incoming call, a small sound generator which gener- 
ates a bell sound and a micromotor in which a weight is 
eccentrically attached to a rotation axis so as to cause 
vibration have been used as separate functional compo- 
nents. Furthermore, in order to listen to a conversation 
of a person on the other end of the line, it is required to 
attach a speaker for receiving a conversation. 
[0003] Figure 6 is a cross-sectional side view of an 
electric-mechanical-acoustic converter used in the 
above-mentioned portable terminal apparatus. The 
background art will be described with reference to this 
figure. In order to achieve further miniaturization and 
lighter weight of a portable terminal apparatus, the elec- 
tric-mechanical-acoustic converter in Figure 6 achieves 
both sound generation and vibration so as to reduce the 
number of components. 

[0004] Referring to Figure 6, an outer peripheral por- 
tion of a circular diaphragm 1 is attached to a case 2. 
The case 2 has a bottom plate 5, and a yoke 3 is fixed 
to the bottom plate 5. A suspension 6 is supported by 
the case 2, and a magnet 4 is supported by the suspen- 
sion 6. A voice coil 7 consisting of a bobbin and a coil 
both ends of which are connected to a terminal (not 
shown) to which an electric signal is input from outside 
is inserted in a magnetic gap formed by an inner periph- 
eral surface of the yoke 3 and an outer peripheral sur- 
face of the magnet 4, and one end of the voice coil 7 is 
fixed to the diaphragm 1 . 

[0005] The yoke 3 and the magnet 4 form a magnetic 
circuit portion and the suspension 6 and the magnet 4 
form a mechanical vibration system. 
[0006] Next, the operation will be described, in the 
above-mentioned electric-mechanical-acoustic con- 
verter, an action-reaction force works between the voice 
coil 7 and the magnetic circuit portion, when an electric 
signal is applied to the voice coil 7 from outside. Sup- 
pose that a force applied to the voice coil 7 is an action 
force, the diaphragm 1 to which the voice coil 7 is 
attached vibrates due to the action force. 
[0007] Furthermore, due to the reaction force applied 
to the magnetic circuit portion, the magnet 4 supported 
by the suspension 6 vibrates, and vibration is transmit- 
ted to the case 2 through the suspension 6, whereby the 
case 2 vibrates. The resonance frequency of the mag- 
netic circuit portion is in a low band. Therefore, an elec- 



tric signal at a frequency in this low band is applied to 
the voice coil, whereby outstanding vibration can be 
obtained. 

[0008] However, there is a possibility that the portable 
5 terminal apparatus such as a mobile telephone is 
dropped while being carried due to its portability, and 
there is a possibility that an electric-mechanical-acous- 
tic converter built in the portable terminal apparatus will 
be deformed and damaged by the shock caused by 
10 such a drop. 

[0009] The present invention solves the above-men- 
tioned problem, and its objective is to provide an elec- 
tric-mechanical-acoustic converter which has 
outstanding resistance to shock and in which the reso- 
75 nance frequency of vibration is stabilized. 

DISCLOSURE OF THE INVENTION 

[001 0] In order to solve the above-mentioned problem, 

20 the electric-mechanical-acoustic converter of the 
present invention includes a diaphragm, a magnetic cir- 
cuit disposed so as to oppose the diaphragm, a voice 
coil one end of which is attached to the diaphragm and 
which is inserted into a magnetic gap of the magnetic 

25 circuit with a predetermined space, a weight integrated 
with the magnetic circuit or attached thereto as a sepa- 
rate component, at least one suspension supporting a 
movable portion composed of the magnetic circuit and 
the weight, and a frame supporting the diaphragm and 

30 the suspension, a space in an elastic deformation range 
of the suspension being provided between the outer 
periphery of the movable portion and the frame. Even in 
the case where the portable terminal apparatus is 
dropped, and the electric-mechanical-acoustic con- 

35 verter built therein is subjected to shock, the outer 
periphery of the movable portion is received by the 
frame, whereby the suspension can be prevented from 
being permanently deformed. 



40 BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] 

Figure 1(A) is a cross-sectional side view of an 
45 example of an electric-mechanical-acoustic con- 
verter of the present invention. Figure 1(B) is an 
exploded perspective view of Figure 1(A). Figure 2 
is a perspective view of an assembly of a movable 
portion and suspensions which are main portions of 
so another example of an electric-mechanical-acous- 
tic converter of the present invention. Figure 3 is a 
perspective view of an assembly of a movable por- 
tion and suspensions which are main portions of 
still another example of an electric-mechanical- 
55 acoustic converter of the present invention. Figure 
4 is an exploded perspective view of still another 
example in Figure 3. Figure 5 is a partial cross-sec- 
tional side view showing a state where still another 
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example in Figure 3 is provided in a mobile tele- 
phone. Figure 6 is a side cross-sectional view of a 
conventional electric-mechanical-acoustic con- 
verter. 

BEST MODE FOR CARRYING OUT THE INVENTION 
(Example 1) 

[001 2] Hereinafter, an example of an electric-mechan- 
ical-acoustic converter of the present invention will be 
described with reference to Figures 1(A) and 1 (B). 
[001 3] As shown in these figures, reference numeral 8 
denotes a diaphragm made of a film with a thickness of 
about 50 fim, for example, and the diaphragm 8 is 
attached at an outer periphery to a frame 9 made of 
resin or the like. Reference numeral 10 denotes a yoke, 
which has a cylindrical shape having a bottom, made of 
a ferromagnetic substance such as soft iron. Reference 
numeral 1 1 denotes a magnet, which is formed of a per- 
manent magnet of neodymium and has a cylindrical 
shape. The magnet 1 1 is fixed to a central portion of the 
yoke 10. Reference numeral 9a denotes a cover. 
[0014] Reference numeral 1 2 denotes a plate made of 
a ferromagnetic substance, which is fixed to the magnet 
11 on the diaphragm 8 side. Reference numeral 13 
denotes a weight portion, which is integrated with the 
yoke 10. Reference numeral 14 denotes suspensions 
which are composed of two arc-shaped arms extending 
in a circumferential direction. A pair of the suspensions 
14 are provided on upper and lower surfaces of the yoke 
10. One end of each suspension 14 is fixed at the 
weight portion 13, and the other end thereof is molded 
with resin to be fixed at a concave portion 15 of the 
frame 9. A connected portion between each suspension 
14 and the frame 9 is molded with resin to form a mold 
portion 16, whereby a fulcrum of each suspension 14 is 
determined with good precision, and performance 
thereof is stabilized. When the mold portion 16 is 
inserted into the concave portion 15 of the frame 9, 
adhesion strength of the mold portion 16 is also 
obtained. 

[0015] The yoke 10, the magnet 11 , and the plate 12 
form a magnetic circuit portion 17, and an inner surface 
of the yoke 10 and an outer surface of the plate 1 2 form 
a magnetic gap. 

[0016] A cylindrical voice coil 18 is inserted into the 
magnetic gap, and one end of the voice coil 18 is 
attached to the diaphragm 8. The magnetic circuit por- 
tion 1 7 forms a movable portion 1 9 which is operated 
relative to the frame 9, and the suspensions 14 and the 
movable portion 19 form a mechanical vibration system. 
[0017] A space 20 in an elastic deformation range of 
the suspensions 14 is provided between an outer 
periphery of the movable portion 19 and an inner diam- 
eter of the frame 9. Furthermore, this space 20 is set to 
be smaller than the space between the magnetic gap 
and the voice coil 18. Because of this, even when the 
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movable portion 19 is moved by shock, the inner diam- 
eter of the frame 9 receives the outer periphery of the 
movable portion 19. Therefore, the suspensions 14 
return the movable portion 19 to the original position 

s without being permanently deformed. Furthermore, 
since the outer periphery of the movable portion 19 is 
received by the frame 9 before the magnetic gap comes 
into contact with the voice coil 18, the voice coil 18 can 
be prevented from being damaged. 

10 [0018] The operation of the electric-mechanical- 
acoustic converter thus constructed will be described. 
When the voice coil 18 receives an electric signal from 
outside, an action-reaction force works between the 
voice coil 18 and the magnetic circuit portion 17. Sup- 

15 pose that a force applied to the magnetic circuit portion 
17 is a reaction force, the reaction force is supported by 
the suspensions 14 and is applied to the movable por- 
tion 1 9 composed of the weight portion 1 3 and the mag- 
netic circuit portion 17, whereby the movable portion 19 

20 vibrates. 

[0019] In particular, in the case where the frequency 
of an electric signal applied to the voice coil 18 is identi- 
cal with a resonance frequency (about 50 to 200 Hz) of 
the mechanical vibration system, the movable portion 
25 19 largely vibrates. Vibration of the movable portion 19 
is transmitted from the suspensions 14 to the frame 9, 
thereby vibrating the frame 9. 

[0020] However, when the movable portion 19 per- 
forms rolling movements during vibration, the outer 

30 periphery of the movable portion 1 9 may come into con- 
tact with the inner diameter of the frame 9 to generate 
an abnormal sound. Therefore, in order to prevent this, 
the suspensions 14 support the center of gravity of the 
movable portion 19 at a vertically symmetric position 

35 (equal distance). 

[0021 ] The size of the vibration of the mechanical 
vibration system is proportional to the product of the 
mass and an acceleration of the movable portion 19. 
Thus, when the weight portion 13 is provided in the 

40 magnetic circuit portion 1 7, the mass of the mechanical 
vibration system is increased, and vibration with a large 
amplitude can be obtained. When the frame 9 is fixed, 
for example, in a housing of a portable terminal appara- 
tus, a function of calling or the like can be performed by 

45 vibrating the housing. The weight portion 1 3 is provided 
mainly at the outer periphery of the magnetic circuit por- 
tion 17 which is positioned outside of the minimum 
cross-sectional area through which a magnetic flux of 
the magnetic circuit portion 17 passes. Mainly, as 

so described above, in order to increase the mass of the 
mechanical vibration system, the weight portion 13 is 
integrated with the magnetic circuit portion 17 or 
attached thereto as a separate component. 
[0022] On the other hand, the diaphragm 8 vibrates 

55 with an electric signal (having an audible frequency of 
about 500 Hz or more) applied to the voice coil 18, 
thereby generating a sound. 

[0023] Thus, according to the structure of the electric- 



3 



BNSDOCID: <EP 0970758A1_I_> 



5 



EP 0 970 758 A1 



6 



mechanical-acoustic converter in the present example, 
vibration performance can be stabilized, and damage to 
the converter and degradation of performance thereof 
caused by shack such as a drop can be prevented. 

5 

(Example 2) 

[0024] Figure 2 is a perspective view of an assembly 
of a movable portion and suspensions which are main 
portions of another example of an electric-mechanical- 10 
acoustic converter of the present invention. In Figure 2, 
the identical portions (with those in Example 1) are 
denoted by the reference numerals identical with those 
therein. The description thereof is omitted, and only the 
differences will be described. 75 
[0025] Referring to Figure 2, when one end of each 
suspension 14 is molded with resin, a rib 21 for welding 
to the mold portion 16 is simultaneously formed. When 
the mold portion 16 is welded to the frame 9, each sus- 
pension 14 can be connected to the frame 9 within a 20 
short period of time. Even in the case where there are a 
plurality of suspensions 14, the suspensions 14 can be 
connected to the frame 9 with good precision, simulta- 
neously using an integrated welding jig. 
[0026] A pair of the suspensions 14 are attached to 2s 
upper and lower surfaces of the yoke 10 in such a man- 
ner that a distance and stiffness are symmetrically dis- 
tributed in an inverse ratio with respect to the center of 
gravity of the movable portion 1 9 in a vertical direction. 
This prevents the movable portion 19 from performing 30 
rolling movements, and prevents an abnormal sound 
from being generated by the contact between the side 
surface of the movable portion 19 and the frame 9. 

(Example 3) 35 

[0027] Figure 3 is a perspective view of an assembly 
of a movable portion and suspensions which are main 
portions of another example of an electric-mechanical- 
acoustic converter of the present invention. In Figure 3, 40 
the identical portions (with those in Example 1) are 
denoted by the reference numerals identical with those 
therein. The description thereof is omitted, and only the 
differences will be described. 

[0028] Referring to Figure 3, a connected portion 45 
between the suspensions 14 and the frame 9 is molded 
with resin, a plurality of fulcrums of the suspensions 14 
are integrally molded while the suspensions 14 are pre- 
viously connected to the movable portion 1 9, whereby 
the mold portions 1 6 are formed. Since a plurality of ful- so 
crums of the suspensions 14 are simultaneously con- 
nected with good precision, vibration performance is 
stabilized. 

[0029] A frame bottom plate 9b which integrates each 
mold portion 16 corresponds to the bottom surface of 55 
the frame 9 (in Example 1). The frame bottom plate 9b 
does not have a wall surface, so that the cover 9a is 
extended downward, or a frame structure is attached. 



(Example 4) 

[0030] Figure 4 is a perspective view of another exam- 
ple of an electric-mechanical-acoustic converter of the 
present invention. In Figure 4, the identical portions 
(with those in Example 1) are denoted by the reference 
numerals identical with those therein. The description 
thereof is omitted, and only differences will be 
described. 

[0031] Referring to Figure 4, a pair of suspensions 14 
are provided on upper and lower surfaces of the yoke 
1 0. One end of each suspension 1 4 is fixed to the dead- 
end portion 1 3, and the other end thereof is welded to a 
metal chip 22 which is insert-molded in the frame 9. 
[0032] Because of the above, the suspensions 1 4 can 
be connected to the frame 9 within a short period of 
time, and high connection strength can be obtained. 
[0033] Furthermore, the metal chip 22 and a lead ter- 
minal 23 are integrally formed on a lead frame 24, and 
integrally molded to the frame 9. Due to this, it becomes 
possible to integrate components and simplify assembly 
steps. 

[0034] In the present example, the metal chip 22 and 
the lead terminal 23 are integrally formed on the lead 
frame 24. However, one of the suspensions 14 can be 
integrally formed on the lead frame 24. Furthermore, 
even in the case of using no metal chip 22. the lead ter- 
minal 23 and one of the suspensions 14 can be inte- 
grally formed on the lead frame 24. This contributes to 
the reduction in the number of components and auto- 
mation of assembly steps. 

(Example 5) 

[0035] Figure 5 is a partial cross-sectional side view 
showing a state where an example of an electric- 
mechanical -acoustic converter of the present invention 
is provided in a mobile telephone. Only differences 
(from Example 1) will be described. Reference numeral 
26 denotes a bushing made of a rubber-like elastic sub- 
stance attached so as to cover the frame 9. Reference 
numeral 27 denotes an upper case of the mobile phone 
which is a portable terminal. Reference numeral 28 
denotes a lower case of the mobile phone. Reference 
numeral 30 denotes a circuit substrate fixed to the upper 
case, on which a liquid crystal display portion 31 and 
electronic components are provided. 
[0036] Reference numeral 29 denotes a holder fixed 
to the circuit substrate 30, for accommodating the elec- 
tric-mechanical-acoustic converter covered with the 
bushing 26. As is understood from Figure 5, the electric- 
mechanical-acoustic converter is attached to the holder 
29 in such a manner that the diaphragm 8 is placed on 
the circuit substrate 30 side. 

[0037] When the upper case 27 and the lower case 28 
are combined to be fixed to each other, the electric- 
mechanical-acoustic converter is pressure-welded to 
the mobile telephone via the circuit substrate 30 and the 
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holder 29 (in this case, the electric-mechanical-acoustic 
converter is designed to be pressure-welded so that an 
error of each of the above components is absorbed by 
the bushing 26 which is an elastic substance, and vibra- 
tion of the electric-mechanical-acoustic converter is 
transmitted to the body of the mobile telephone without 
fail). 

[0038] The bushing 26 is provided with an opening 
26a in a portion corresponding to a sound generating 
portion 28a of the lower case 28. When the diaphragm 
8 vibrates to generate a sound, the space between the 
frame 9 and the movable portion 19 and the opening 
26a are allowed to conduct a sound, whereby a sound 
is generated from the sound generating portion 28a of 
the lower case 28. 

[0039] As described above, the etectric-mechanical- 
acoustic converter is attached to the portable terminal 
so that the diaphragm 8 is placed on the circuit sub- 
strate 30 side. Therefore, the voice coil 18 is protected 
from influence from an outer magnetic field, and a 
sound generated by the diaphragm 8 can be stably 
obtained. Furthermore, outer impact is attempted to be 
absorbed by the bushing 26, and the electric-mechani- 
cal-acoustic converter can be pressure- welded to the 
body of the portable terminal. Therefore, vibration for 
calling can also be transmitted to the body of the mobile 
telephone with good efficiency. 
[0040] The opening 26a may be made of a plurality of 
small pores or may have a large pore as in the present 
example. 

[0041] Furthermore, the bushing 26 will have the 
above-mentioned effect, even when used in the electric- 
mechanical-acoustic converter shown in the prior art. 

INDUSTRIAL APPLICABILITY 

[0042] As described above, the electric-mechanical- 
acoustic converter of the present invention includes: a 
diaphragm; a magnetic circuit disposed so as to oppose 
the diaphragm; a voice coil one end of which is attached 
to the diaphragm, inserted into a magnetic gap of the 
magnetic circuit with a predetermined space; a weight 
integrated with the magnetic circuit or attached thereto 
as a separate component; at least one suspension sup- 
porting a movable portion composed of the magnetic 
circuit and the weight; and a frame supporting the dia- 
phragm and the suspension, a space in an elastic defor- 
mation range of the suspension being provided 
between the outer periphery of the movable portion and 
the frame. Even in the case where a portable terminal 
apparatus is dropped, and the electric-mechanical- 
acoustic converter built therein is subjected to shock, 
the outer periphery of the movable portion is received 
by the frame, whereby the suspension can be prevented 
from being permanently deformed. Furthermore, an 
outstanding electric-mechanical-acoustic converter for 
practical use can be provided, which resists degrada- 
tion of a vibration level caused by damage of the mova- 



ble portion, variation in a vibration frequency, and a 
decrease in sharpness of resonance due to damage of 
a connected portion of the suspension. 
[0043] Furthermore, (1) in the case where a space 

s between the outer periphery of the movable portion and 
the inner diameter of the frame is set to be smaller than 
a space between the magnetic gap and the voice coil, 
even when the electric-mechanical-acoustic converter 
is subjected to shock, the outer periphery of the mova- 

10 ble portion is received by the frame before the magnetic 
gap comes into contact with the voice coil, so that the 
voice coil can be prevented from being damaged. 
[0044] (2) In the case where the suspension supports 
the movable portion at a position vertically symmetric 

75 with respect to the center of gravity of the movable por- 
tion, the suspension supports the center of gravity of the 
movable portion at a vertically symmetric position, 
thereby preventing the movable portion from undergo- 
ing rolling movements. Thus, an abnormal sound can 

20 be prevented from being generated by the contact 
between the frame and the movable portion due to roll- 
ing. 

[0045] (3) In the case where the suspensions support 
the movable portion in such a manner that a distance 

25 and stiffness are vertically distributed in an inverse ratio 
with respect to the center of gravity of the movable por- 
tion, even when the position of the center of gravity is 
not placed at an equal distance from the suspensions in 
a vertical direction, the movable portion can be pre- 

30 vented from undergoing rolling movements. Thus, an 
abnormal sound can be prevented from being gener- 
ated by the contact between the frame and the movable 
portion due to rolling of the movable portion. 
[0046] Furthermore, the electric-mechanical-acoustic 

35 converter of the present invention includes: a dia- 
phragm; a magnetic circuit disposed so as to oppose 
the diaphragm; a voice coil one end of which is attached 
to the diaphragm, inserted into a magnetic gap of the 
magnetic circuit with a predetermined space; a weight 

40 integrated with the magnetic circuit or attached thereto 
as a separate component; at least one suspension sup- 
porting a movable portion composed of the magnetic 
circuit and the weight; and a frame supporting the dia- 
phragm and the suspension, wherein one end of the 

45 suspension is molded with resin, and the mold portion is 
attached to the frame. In this converter, a portion of the 
suspension attached to the frame is specified, so that a 
fulcrum of the suspension is determined. Thus, an elec- 
tric-mechanical-acoustic converter can be provided, in 

so which performance during production is stable. In the 
case where the mold portion obtained by molding one 
end of the suspension with resin in the above-men- 
tioned structure is inserted to be fixed in a concave por- 
tion provided in the frame, all the portions can be 

55 simultaneously assembled with good precision and 
strength. Furthermore, since a fulcrum of the suspen- 
sion is molded, vibration characteristics can be pre- 
vented from being changed by shock. 
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[0047] Furthermore, the electric-mechanical-acoustic 
converter of the present invention includes: a dia- 
phragm: a magnetic circuit disposed so as to oppose 
the diaphragm; a voice coil one end of which is attached 
to the diaphragm, inserted into a magnetic gap of the 5 
magnetic circuit with a predetermined space; a weight 
integrated with the magnetic circuit or attached thereto 
as a separate component: at least one suspension sup- 
porting a movable portion composed of the magnetic 
circuit and the weight; and a frame supporting the dia- w 
phragm and the suspension, wherein a connected por- 
tion of the suspension on the frame side is insert- 
molded to the frame. 

In this converter, the connected portion of the suspen- 
sion with respect to the frame is integrally molded with 15 
resin under the condition that the suspension is con- 
nected to the movable portion. Thus, an outstanding 
electric-mechanical -acoustic converter can be pro- 
vided, in which assembly can be performed with good 
precision of a fulcrum of the suspension and positional 
relationship. 

[0048] Furthermore, (1) in the case where the con- 
nected portion of the suspension on the frame side is 
welded to a metal chip one end of which is insert- 
molded to the frame in the above-mentioned structure, 
assembly can be performed with good precision of a ful- 
crum of the suspension and positional relationship, and 
strength can be obtained by welding. 
[0049] Furthermore, (2) in the case where a metal 
chip and a lead terminal which receives an electric sig- 
nal from outside are formed on an identical lead frame, 
an electric-mechanical -acoustic converter can be pro- 
duced without increasing the number of components, 
and assembly steps can be simplified. 
[0050] Furthermore, the electric-mechanical-acoustic 
converter of the present invention includes: a dia- 
phragm; a movable portion composed of a magnetic cir- 
cuit disposed so as to oppose the diaphragm; a voice 
coil one end of which is attached to the diaphragm, 
inserted into a magnetic gap of the magnetic circuit; a 
suspension supporting the movable portion; a frame 
supporting the diaphragm and the suspension; and an 
elastic bushing covering the frame, provided with an 
opening at least on an outside of the movable portion for 
conducting a sound to a portable terminal, and inter- 
posed in the portable terminal. In this converter," the 
frame is covered with the elastic bushing and the bush- 
ing is interposed in the portable terminal. Therefore, in 
the case where the portable terminal (e.g., a mobile tel- 
ephone) is dropped, shock caused by the drop is 
absorbed, and the opening of the bushing conducts a 31 
sound to a sound generating portion of the portable ter- 
minal, whereby a satisfactory sound can be obtained. Claims 
[0051] Furthermore, according to the method for pro- 
ducing an electric-mechanical-acoustic converter 55 
including: a diaphragm; a magnetic circuit disposed so 
as to oppose the diaphragm; a voice coil one end of 
which is attached to the diaphragm, inserted into a mag- 



netic gap of the magnetic circuit with a predetermined 
spacer; a weight integrated with the magnetic circuit or 
attached thereto as a separate component; at least one 
suspension supporting a movable portion composed of 
the magnetic circuit and the weight; and a frame which 
is a housing supporting the diaphragm and the suspen- 
sion, the suspension and a lead terminal through which 
an electric signal is applied from outside to the voice coil 
are formed on a lead frame and integrally molded there- 
with. Thus, the suspension and the lead terminal are 
formed on the lead frame, whereby the number of com- 
ponents is reduced, and assembly may be automated. 

List of Reference Numerals in the Drawings 
[0052] 
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An electric-mechanical-acoustic converter, com- 
prising: a diaphragm; a magnetic circuit disposed 
so as to oppose the diaphragm; a voice coil one 
end of which is attached to the diaphragm, inserted 
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into a magnetic gap of the magnetic circuit with a 
predetermined space; a weight integrated with the 
magnetic circuit or attached thereto as a separate 
component; at least one suspension supporting a 
movable portion composed of the magnetic circuit 5 
and the weight; and a frame supporting the dia- 
phragm and the suspension, a space in an elastic 
deformation range of the suspension being pro- 
vided between an outer periphery of the movable 
portion and the frame. 10 
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movable portion composed of the magnetic circuit 
and the weight; and a frame supporting the dia- 
phragm and the suspension, wherein a connected 
portion of the suspension on the frame side is 
insert-molded to the frame. 

8. An electric-mechanical-acoustic converter accord- 
ing to claim 7, wherein the connected portion of the 
suspension on the frame side is welded to a metal 
chip one end of which is insert-molded to the frame. 



2. An electric-mechanical acoustic converter accord- 
ing to claim 1, wherein a space between the outer 
periphery of the movable portion and an inner 
diameter of the frame is set to be smaller than a 15 
space between the magnetic gap and the voice coil. 

3. An electric-mechanical acoustic converter accord- 
ing to claim 1 , wherein the suspension supports the 
movable portion at a position vertically symmetric 20 
with respect to a center of gravity of the movable 
portion. 

4. An electric-mechanical -acoustic converter accord- 
ing to claim 1 , wherein the suspension supports the 25 
movable portion in such a manner that a distance 
and stiffness are symmetrically distributed in an 
inverse ratio with respect to a center of gravity of 

the movable portion in a vertical direction. 

30 

5. An electric-mechanical-acoustic converter, com- 
prising: a diaphragm; a magnetic circuit disposed 
so as to oppose the diaphragm; a voice coil one 
end of which is attached to the diaphragm, inserted 
into a magnetic gap of the magnetic circuit with a 35 
predetermined space; a weight integrated with the 
magnetic circuit or attached thereto as a separate 
component; at least one suspension supporting a 
movable portion composed of the magnetic circuit 
and the weight; and a frame supporting the dia- 40 
phragm and the suspension, wherein one end of 

the suspension is molded with resin, and the mold 
portion is attached to the frame. 

6. An electric-mechanical-acoustic converter accord- as 
ing to claim 5, wherein one end of the suspension is 
molded with resin, and the mold portion is inserted 

to be fixed in a concave portion provided in the 
frame. 

50 

7. An electric-mechanical -acoustic converter, com- 
prising: a diaphragm; a magnetic circuit disposed 
so as to oppose the diaphragm; a voice coil one 
end of which is attached to the diaphragm, inserted 
into a magnetic gap of the magnetic circuit with a 55 
predetermined space; a weight integrated with the 
magnetic circuit or attached thereto as a separate 
component; at least one suspension supporting a 



9. An electric-mechanical-acoustic converter accord- 
ing to claim 8, wherein the metal chip and a lead 
terminal which receives an electric signal from out- 
side are formed on an identical lead frame and are 
integrally molded therewith. 

10. An electric-mechanical-acoustic converter, com- 
prising: a diaphragm; a movable portion composed 
of a magnetic circuit disposed so as to oppose the 
diaphragm; a voice coil one end of which is 
attached to the diaphragm, inserted into a magnetic 
gap of the magnetic circuit; a suspension support- 
ing the movable portion; a frame supporting the dia- 
phragm and the suspension; and an elastic bushing 
covering the frame, provided with an opening at 
least on an outside of the movable portion for con- 
ducting a sound to a portable terminal, and inter- 
posed in the portable terminal. 

11. A method for producing an electric-mechanical- 
acoustic converter including: a diaphragm; a mag- 
netic circuit disposed so as to oppose the dia- 
phragm; a voice coil one end of which is attached to 
the diaphragm, inserted into a magnetic gap of the 
magnetic circuit with a predetermined space; a 
weight integrated with the magnetic circuit or 
attached thereto as a separate component; at least 
one suspension supporting a movable portion com- 
posed of the magnetic circuit and the weight; and a 
frame which is a housing supporting the diaphragm 
and the suspension, Wherein the suspension and a 
lead terminal through which an electric signal is 
applied from outside to the voice coil are formed on 
a lead frame and integrally molded therewith. 
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